ABSTRACT: This study aimed to evaluate the spatial variability of leaf content of macro and micronutrients. The citrus plants orchard with 5 years of age, planted at regular intervals of 8 x 7 m, was managed under drip irrigation. Leaf samples were collected from each plant to be analyzed in the laboratory. Data were analyzed using the software R, version 2.5.1 Copyright (C) 2007, along with geostatistics package GeoR. All contents of macro and micronutrients studied were adjusted to normal distribution and showed spatial dependence.The best-fit models, based on the likelihood, for the macro and micronutrients were the spherical and matern. It is suggest for the macronutrients nitrogen, phosphorus, potassium, calcium, magnesium and sulfur the minimum distances between samples of 37; 58; 29; 63; 46 and 15 m respectively, while for the micronutrients boron, copper, iron, manganese and zinc, the distances suggests are 29; 9; 113; 35 and 14 m, respectively.
INTRODUCTION
The obtaining of information about the spatial variability of soil and plant properties is of great importance for the assessment of fertility; soil removal, mapping and classification; development of more adequate sampling schemes, aiming to improve the management conditions and increase in crop productivity (CAMPOS et al., 2009 ).
Before performing a grid of sampling, we should analyze, by means of more sophisticated, statistics, the potential dependence of the variables, the object of study, which are determined by analyzing the samples, i.e., to know whether these variables are dependent or independent one from the other (BARBIERI et al., 2008) .
Some technological advances in agriculture and farming have contributed in the technique of sampling points in the area, regular or irregular grid, in order to determine the spatial and temporal variation of properties that affect crop yields by maps of variability. Thereafter, corrective solutions based on these maps have been used, in order to optimize the utilization of resources and to reduce production costs (MOLIN & MASCARIN, 2007) .
Geostatistics was used by FARIAS et al. (2003) to evaluate the spatial variability of yield and fruit size in orange orchards with and without irrigation, in the municipality of Luiz Antônio, state of São Paulo, and concluded that geostatistics has proved to be an extremely useful tool to characterize the variability, to map and to analyze the risk areas, and to assist in program of Precision Agriculture for citrus culture.
Thus, through the use of geostatistics, this study aimed to analyze a set of spatially referenced content in leaves, trying to describe the spatial dependence of the macronutrients and micronutrients in citrus plants, as support for a rational management of fertilization and experimentation in the studied area.
MATERIAL AND METHODS
This study was conducted at the Experimental Area of Irrigation (Areão Farm) of the Department of Biosystems Engineering, Luiz de Queiroz College of Agriculture, University of São Paulo. The geographic coordinates of the experimental area are: 22º42'30" South latitude and 47º30'00" West longitude, being at 576 m above sea level. The climate, according to Köeppen classification, is Cwa type, with mean values of annual rainfall of 1,253 mm, mean annual temperature of 21.2 °C, relative humidity of 74% wind speed: 2.2 m s -1 with predominant direction E/SE. The driest period of the year focuses on the months of June, July and August. The soil of the experimental area was classified as Ultisoil (Red Alfisol). The total study area was 5,975 m 2 , with a slope of 8.5%.
The studies were conducted in an orchard of 'Tahiti' accid lime (Citrus latifolia Tan.) grafted in 'Rangpur' lime (Citrus limonia Osbeck), aged five years, using 112 plants, doing the liming and fertilization according to RAIJ et al. (1997) . The cultural treatments consisted of spraying with chemical pesticides.
Irrigation was scheduled for everyday applications, using an electronic controller and hydraulic valves. On days with precipitation greater than 10 mm, irrigation was cancelled. Irrigation aimed the replacement of crop evapotranspiration (ETc) obtained with a weighing lysimeter located in the center of the area, 4 m diameter and 1.3 m deep, consisting of three electronic load cell coupled to an automated collection data (Model CR 23x Campbell Scientific, Logan, UT, USA).
The experiment consisted of seven rows of plants spaced 8 x 7 m from each other. However, two rows had a spacing of 9 x 7 m according to existence of a terrace (Figure 1 ). The nutrient content in leaves were determined in this way: the total nitrogen of the samples were determined by micro Kjeldahl method, according to the methodology cited by MALAVOLTA (2006) . In the extract, obtained by nitropercloric digestion, were measured the levels of total P by colorimetry; the Ca, Mg, Cu, Fe, Mn and Zn contents were measured by atomic absorption spectrophotometry; the contents of K, by flame photometry, the ones of S by turbidimetry and B content was extracted by incineration and determined by colometria curmumina.
It was calculated the descriptive statistics of the data by evaluating the frequency distribution of each nutrient contents studied. Moreover, there was an exploratory analysis of the dataset evaluating its possible influence on generated semivariograms and adjusted models. With this analysis, it was possible to understand the structure change of each macro and micronutrients in space. Thus, the characterization of spatial variability allowed the estimation of non-sampled locations, enabling the mapping of the variable.
To verify the normality of the data, it was analyzed the position measurements and the variability of the sets through graphical analysis of the Henry lines. Thus, it was verified the appropriateness of the measures in the face of peripheral value problems, candidates for abnormal values. Soon after, it was ordered the set of data evaluating the symmetry of the distribution of peripheral data. Subsequently, it was sought to confirm or not the validity of these position or dispersion measures, which was done by using some of the techniques of exploratory data analysis, together with a description of the sets of spatial variables obtained (GOMES et al. 2007 ).
The spatial dependence between observations was identified by the semivariogram estimated by the following equation:
In which,
z s h  -observations, and h -distance.
It was used the geoR package of the computer program R for all values of sample size, mean, median, minimum, maximum, variance, coefficient of variation, the lower quartile and upper quartile. It was adopted the criteria established by WARRICK & NIELSEN (1980) to classify the elements according to the coefficient of variation. After this analysis, geostatistical analysis was performed adjusting semivariogram values that determine the nugget effect, sill and range. The semivariogram models were selected based on maximum likelihood, and this is calculated by means of a function of the software used. It was tested the following semivariogram models: (a) spherical,
, in which  and kappa are parameters and K_κ(…) denotes the modified Bessel function of the third order type kappa for  > 0 and kappa > 0.
With the package geoR kriging, spatial variability maps were generated by kriging technique. The ratio between the nugget effect and sill [C0/(C0 + C1)] might, according to TRANGMAR et al. (1985) , classify and compare the analysed macro and micronutrients. The spatial dependence classes have been defined using the classification proposed by CAMBARDELLA et al. (1994) in: strong spatial dependence, for the ratio less than or equal to 0.25; moderate spatial dependence, for the ratio greater than 0.25 and less than or equal to 0.75; and weak dependence, for the ratio greater than 0.75.
RESULTS AND DISCUSSION
As a first step of statistical analysis, it was performed the measurements of position and dispersion for the data sets of macro and micronutrients to citrus plants obtained from leaf analysis (Table 1) . For those nutrients which have had their nutrients and their distribution coefficients of asymmetry and kurtosis affected by outliers, there was a transformation of the data set through the parameter l of the function boxcox of geoR package. 
The concentration of K, B, Fe and Cu in the leaves correspond to normal values for age plants in production according to MALAVOLTA (2006) , except for N, Ca, Zn and Mn which obtained levels below the adequate levels; and P, Mg and S obtained levels above the adequate levels for growing citrus.
The choice of a position measurement, mean or median and characterization of the variability of the level of macro and micronutrients in plants should be performed not only by the statistical summary, but also confirmed by the techniques of exploratory data analysis. Thus, the estimation by kriging showed better results, since the data normality was satisfied as recommended by GOMES et al. (2007) .
With the exception of Manganese, no other macronutrient evaluated presented values of asymmetry and kurtosis that would not allow processing of data basing on a normal distribution. Following the criterion of WARRICK & NIELSEN (1980) , also used by MONTANARI et al. (2008) , the elements N, P and Ca showed low coefficients of variation, because they remained lower than 12%. However, the element Cu showed high value of coefficient of variation with an index greater than 24%. The other nutrients, in all other tests, showed coefficient of variation in the range of 12-24%. The semivariograms generated for macronutrients and micronutrients (Figures 3  and 4) helped to evaluate the spatial dependence of the analyzed elements. The semivariograms of elements P, Fe and Zn may impress the absence of the nugget effect (Figures 3 and 4) . However, it is noteworthy that these elements semivariance data were transformed by the conversion coefficient (l) to obtain the best fit models (Table 3) . Mn and e) Zn.
Spatial correlation was found by analyzing the semivariograms in all macro and micronutrients (Table 3 ). All estimated maximum ranges were larger than the adopted spacing between plants, showing the occurrence of spatial dependence for nutrients. The parameters of the adjusted models for macro and micronutrients were used to estimate unsampled locations by kriging technique, thus generating maps to estimate the occurrence of the variables evaluated in the orchard. It was found that the spatial dependence varies from element to element, which was also verified by ZANÃO JÚNIOR, et al. (2010) . The elements K, S, Cu and Zn showed a strong spatial dependence, since the elements N, P, Ca, Mg, B and Fe had moderate spatial dependence, whereas Mn was the only element that showed a weak spatial dependence, all classified by CAMBARDELLA et al. (1994) .
It was found to the Iron (Fe) micronutrient a high range of about 113 m, which may be explained by the high amount of iron present in the orchard planted on Ultisol, according to studies made by COELHO FILHO et al. (2001) . Based on the semivariograms model presented, maps were generated by kriging estimate contour ( Figure 5 ).
The maps of isolines of the macronutrients N and P indicate that plants in the orchard assessed presented deficiency of these elements in the center of the area studied, with correlation (r=0.51) between these elements ( Figure 5 ). The absorption of P by the plants may be affected by several factors such as the presence of microorganisms in the root system, which can increase the absorption surface of this element, causing variability of absorption by the plants of the same orchard. Since the element Ca was negatively correlated with N (r=-0.68) and also with the P (r=-0.47), showing high concentration values in the same central region of the studied area that can be explained by the preference of absorption of plants in this region by this element, lyotropic series (OLIVEIRA et al., 2011) . The high spatial variability of K and S may be attributed to several factors as: the variability in power extraction plant, the mechanism of contact of nutrients with the root system of citrus, and the possible spatial variability of some soil physical properties, such as the bulk density. The high concentration of Magnesium (Mg) may be explained by the high concentration of clay, since the experimental area is classified as red earth. The higher concentration of Fe in the bottom of the orchard may be explained by the high concentration of clay at that location, due to a potential carrying of this material provided by the direction of the slope of the soil (Figure 6 ). The high variability of absorption of other micronutrients, B, Cu, Mn and Zn, by plants may be allocated by the mobility of these elements in the plants and/or soil. It is hoped that the study of variability of leaf composition between plants minimize the sampling effort, without sacrificing representativeness, serving as auxiliary tool in determining a grid to collect information of soil. 
CONCLUSIONS
The coefficient of variation (CV) allowed characterization of the variables P, Ca, Mg, B and S as the mean variation, and Mn, Zn, Fe and Cu as high variation. Nitrogen was characterized as low variation.
All macro and micronutrients showed spatial dependence structure, which allowed its mapping, using geostatistical techniques.
The best models for adjustments, based on the likelihood, for the macro and micronutrients were spherical and Matern.
For the macronutrients, it was suggest the distance between samples of 37, 58, 29, 63, 46 and 15 meters for N, P, K, Ca, Mg and S, respectively.
For the micronutrients, it was suggest the distance between samples of 29, 9, 113, 35 and 14 meters for B, Fe, Mn and Zn, respectively.
